Fear memory might be seen as a learned adaptive evolutionary mechanism crucial for the 35 organism survival. However, when fear becomes disproportionate to that necessary to cope 36 with a given stimulus, or whether it begins to occur in inappropriate situations -a fear or 37 anxiety disorder exists. 38
Classical fear conditioning is a widely used tool to model anxiety disorders in rodents. In this 39 paradigm, a previously neutral stimulus like a tone (conditioned stimulus, CS) is presented 40 together with an aversive stimulus, such as foot shock (unconditioned stimulus, US). 41
Subsequent presentation of the CS, but also the environment of the training, the context, will 42 result in fear in anticipation of the US due to formation of associative memory between CS 43 and US. Importantly, the retrieved fear memory can be extinguished upon repetitive exposures 44 to CS without US (Quirk and Mueller, 2008) . Therefore, extinction of a conditioned fear 45 memory is an active process in which an individual has to learn that the once fear-eliciting 46 stimulus is now neutral again. It has been shown that fear conditioning includes excessive 47 autonomic nervous system (ANS) activation that leads to release of noradrenaline (NA) in 48 various brain regions required for fear memory formation (McGaugh, 2004; Mueller & Cahill, 49 2010; Holmes and Quirk, 2010) . 50 51 3 Administration of NA enhances initial fear memory consolidation in both rodents and 52 humans, but also extinction learning, while blockage of their β-type receptors reverses these 53 effects (McGaugh, 2004; Mueller and Cahill 2010) . These memory enhancing effects of NA 54 provide an interesting tool in treatment of anxiety disorders that involve a strong memory 55 component, such as phobias or post-traumatic stress disorder (PTSD). PTSD is characterized 56 by intrusive re-collections of the traumatic event, accompanied with increased anxiety and 57
hyperarousal (Parsons and Ressler 2013) . Interestingly, PTSD is characterized by a long-58 lasting symptomatology and the diagnosis is stated at least one month after the initial event 59
where the trauma-associated fear memories were formed. Therefore, the attenuation of an 60 already established fear memory trace provides an expedient entry point for PTSD treatment. 61
However, a successful extinction therapy in PTSD appears limited due to impaired extinction 62 learning in these patients (Parsons and Ressler, 2013) . Employing the memory enhancing 63 effects of NA might thereby allow for increasing the efficiency of extinction (Mueller and 64 Cahill 2010) . 65
In a recent publication, Peña and colleagues (2013) used vagus nerve stimulation (VNS) to 66 promote NA release during extinction learning. By VNS, the authors could elegantly 67 demonstrate accelerated consolidation of extinction memories in rats. In this review, we will 68 discuss the results of Peña et al. (2013) extinction. For that, fear conditioning was used as explained before, pairing a tone (CS) with a 80 footshock (US). Then, CS exposures were temporally paired with VNS during the extinction 81 trials, hypothesizing it will enhance extinction learning. Indeed, the CFR significantly 82 decreased one day after VNS in a three-day extinction learning paradigm ( Figure 1) . 83
However, in real life, exposure therapy is given until the CFR decreases to certain level. Thus 84 in a second experiment, rats underwent extinction in multiple trials until their CFR was 85 observed only in 10 % of the test time. Pena and colleagues clearly showed that VNS paired 86 to CS presentations accelerated extinction learning. Additionally, an unpaired group was 87 employed where VNS was delivered in the home cage, after the extinction session had 88
finished. This group showed no difference to extinction levels compared to the control group 89 over the session, suggesting that temporal precision of VNS is required. Furthermore, there 90 was no spontaneous recovery of fear in both sham and paired VNS groups two weeks after the 91 last test session, suggesting formation of a stable extinction memory. Finally, even extinction 92 of remote fear memory, two weeks after fear conditioning, was accelerated by VNS ( Figure  93 3), further highlighting the potential of VNS in regard to treating intrusive re-collections in 94 PTSD (Parsons and Ressler, 2013) . 95
The authors suggest that the enhancing effects of VNS on extinction learning are mediated at 96 least in part by increased NA in brain regions relevant for emotional memory formation such 97 as the amygdala, hippocampus and medial prefrontal cortex (mPFC). Stimulation of the vagus 98 nerve afferents results in activation of the locus coeruleus (LC) via the nucleus tractus 99 solitaries (NTS). The LC gives rise to the main noradrenergic inputs into various brain areas, 100 including key structures of emotional memory formation: the amygdala, hippocampus and 101 medial prefrontal cortex (Ruffoli et al., 2011; Mueller and Cahill, 2010) . It has been suggested 102 that the amygdala, especially the basolateral complex (BLA), integrates and stores5 information about the CS and interacts with the hippocampus, which processes contextual 104 information. While both regions play a key role in the consolidation of the initial fear 105 conditioning as well as extinction, the infralimbic (IL) region of the medial prefrontal cortex 106 is specifically involved in consolidation of extinction by integrating contextual information. 107
During extinction retrieval, the IL-mPFC reduces the fear by inhibiting the amygdala output 108 only in the extinction context (Quirk and Mueller, 2008) . 
